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DESCRIPTION 

METHOD AND APPARATUS FOR CONDITIONING HONEY BEES 

The subject invention was made with government support under a research project 
supported by the Defense Advanced Research Projects Agency (DARPA), Grant No. 
N66001 -98-8630, Amendment #P0005. The government has certain rights in this invention. 

Cross-Reference to Related Applications 
This application claims priority to United States Provisional Patent Application Nos. 
60/399,616, filed July 30, 2002 and 60/400,034, filed July 30, 2002. The disclosures of each 
of these applications are hereby incorporated by reference in their entirety, including all 
figures, tables, and drawings. 

Background of the Invention 

[0001] Nearly 2/3 of the food crops used by humans depend on effective pollination 
by honey bees for optimum yields. Onions take two years to make a seed crop. There are 
times when the bees work an onion field very well, and others when they decide not to work 
at all. Onions are grown in more than 20 states. Domestic onion production in the U.S. 
alone consists of approximately 145,000 acres of onions, which produce about 6 billion 
pounds of onions each year. The U.S. industry accounts for 2.5 percent of the world onion 
acreage and 7 percent of the world production. The annual value of the U.S. crop is $800 
million at the farmgate and nearly $3-4 billion at retail. In order, however, to achieve 
constancy of maximum production of the onions there must be pollination by the bees. 

[0002] Pollination relies entirely on bees' self selection, and thus requires 
overstocking of bees for extended time periods. There is always a risk that in areas with a 
high abundance of other food sources, honey bees will not be effective pollinators, because 
of a tendency to exploit these other sources. Conditioning honey bees to search for specific 
vapors however would allow for selective pollination. The specific vapors for which the 
honey bees are conditioned to search need not be components of the natural environment. 
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For example, explosives and compounds associated with illicit drug manufacture emit novel 
chemical vapors. These vapors are not components ofthe natural environment. Honeybees 
could be conditioned to identify unexploded ordinances (UXOs) and assist in clearing land 
mines. Using current technologies, finding the origin of novel chemical vapor sources like 
unexploded ordinances (UXOs) and buried land mines is difficult and time consuming. For 
example, in Croatia, clearing suspected mined area has the highest priority. There are more 
than 1 ,700 sq km that remain to be cleared in Croatia. Current clearing and demining occurs 
at an annual capacity of 50 sq km. Finding illicit drug manufacturing laboratories which also 
emit novel chemical odors is likewise difficult and time consuming. Since these vapors are 
not natural, there is no chance that bees can be used to detect and localize such compounds 
without conditioning. 

[0003] Currently, there are no behavioral modification programs or equipment for 
conditioning honey bees to actively search for a single, non-reward producing source. Since 
standard methods for honey bee pollination generally rely entirely on chance and nature to 
accomplish pollination, the use of chemical attractants or repellents has proven to be 
unpredictable, v^dth variable success. 

[0004] All patents, patent applications, provisional patent applications and 
publications referred to or cited herein, are incorporated by reference in their entirety to the 
extent they are not inconsistent with the explicit teachings of the specification. 

Summarv of the Invention 
[0005] The subject invention is a method of conditioning honey bees to focus the 
bees' foraging on a single chemical odor signature. The signature can be a pure compound 
or a mixture that presents a distinct odor detectable by bees. The subject method enables 
bees to be conditioned on a variety of chemicals important to the military, law enforcement, 
and homeland defense as well the chemical signatures fi-om a vsdde variety of important but 
difficult to pollinate crops. This unique behavioral modification program allows bees to be 
kept searching for more than 30 days without shifting to alternate sources. 
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[0006] The subject method involves conditioning bees in their hives by moving the 
hives to a staging area at least two miles from a designated search area. The target odor is 
applied to the hives. Additionally, bulk feeders containing the target odor are placed near 
the hives. Over the course of the next 24 to 48 hours the bulk feeders are repositioned 
several times within the staging area and the bees are reoriented to the food and odor source. 
The hives are then moved to the search area. In the search area, feeding/conditioning means 
are placed about two meters from each hive. The feeding/conditioning means contain the 
target odor. The bees are fed for the first 24 hours in the search area. Then periods of 
feeding and starvation are altemated to encourage the bees to forage, search for and identify 
the target odor. Conditioning bees by the subject method enables bees to be kept searching 
for more than 30 days without shifting to an alternate source of food. 

[0007] The method of the subject invention utilizes unique feeder/conditioning 
means. One embodiment of the feeding/conditioning means is in the form of a feeding plate. 
The feeding plate sits low to the ground to encourage the bees to forage at ground level. The 
plate has a central feeding well encircled by a channel in which the target odor is placed. 
Screen is placed over the feeding well and channel allowing the bees to light and feed while 
being exposed to the target odor. Another embodiment of the subject feeding/conditioning 
means is in the form of a feeding trough and is usefiil for conditioning larger numbers of 
bees. The trough likewise exposes the bees to the target odor when they are feeding. Both 
the trough and the plate have overfill prevention means that can be incorporated into 
automated feeding controller delivery means to assist in altemating periods of feeding and 
starvation of the conditioned bees. 

Brief Description of the Figures 

[0008] FIG. 1 is a top plan view of a preferred embodiment of the 
feeding/conditioning means of the subject invention. 

[0009] FIG. 2 is a side elevational view of the preferred embodiment of the 
feeding/conditioning means shovm in FIG.L 
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[0010] FIG. 3 shows the comparison of honey bee visits per hour over 2,4-DNT 
targets (□), control areas (O) and empty sites (V) at varying DNT concentrations. 

[0011] Fig. 4 shows the comparison of honey bee visits to 2,4-DNT targets (V), 
control areas (O) and blank areas (□) in diminishing DNT concentrations. 

Detailed Description of the Invention. 
[0012] The subject invention involves a method of conditioning bees to search for 
a specific odor. The bees are conditioned to seek out a non-rewarding source and will 
continue to seek that source for more than 30 days. Devices to facilitate these methods 
including feeding/conditioning means and a controller delivery feeding system are also 
described. 

[0013] The method used to condition honey bees to search for specific chemical 
signatures in the environment utilizes their natural behaviors. It is necessary to break any 
focus the bees may have on existing natural food resources and entrain them on an artificial 
food substrate that is marked with the new chemical odor for which the bees are to be 
directed to search. Generally, the process is initiated by pre-positioning bee hives in a 
staging area at least 2 miles fi-om the designated search area, applying the target odor to the 
hives, placing bulk feeders marked with the target odor near the hives, repositioning the bulk 
feeders about the hives for about 24 to 48 hours, moving the hives to the search area, placing 
feeding/conditioning means near the hives, feeding the bees from the feeding/conditioning 
means for 24 hours and thereafter alternating periods of feeding and starvation to encourage 
the bees to forage and identify the target odor. 

[0014] Specifically, beehives are placed in a staging area where the bees are 
introduced to the target odor. The staging area is at least two miles from the search area to 
prevent foraging bees from entering the search area before they are conditioned to the target 
scent. The target odor is introduced to the bees by incorporating the odor into their hives as 
well as their food source. In a preferred embodiment, scent packets are suspended between 
frames within each hive. Scent packets are prepared by wrapping about 1 to 4 grams of the 
target odor source in porous filter paper. The filter paper packets are then wrapped in 
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aluminum window screening. Saturating the hive with the target odor reinforces the 
conditioning process where the odor is associated with food. 

[0015] During the bulk conditioning phase in the staging area, the target odor is 
associated with a food source by incorporating it into bulk feeders which are placed in the 
vicinity of the hives. Further, the bees are actively reoriented toward the bulk feeders by a 
variety of standard methods that include, but are not limited to: marking a syrup trail from 
the hive entrance to the feeder; inserting a small dish of syrup partially into the hive entrance, 
then gradually moving it to the main feeder as bees discover it; marking the feeder with 
bright colors that mimic surrounding nectar sources, then removing the visual attractant after 
the feeder is discovered. Hives stored in the staging area can be maintained in their 
conditioned state for more than 30 days with regular replenishment of fresh syrup and scent 
packets. To keep bees searching for scent labeled food sources, the bulk feeders are 
repositioned to random locations up to 100 meters from the hives every few days. After 24- 
48 hours, when bees are fiilly entrained on the bulk feeders, the hives are ready to be 
transported to the search area. The move is preferably performed at night, so as not to lose 
any of the entrained foraging worker force. 

[0016] The hives are arrayed at the search site to focus flight over the area to be 
searched. The number of hives used and their placement is dictated by the terrain and area 
to be searched. Hives can be positioned singly or in clusters. Minimum distance from the 
edge of the search area should be approximately 50 meters to reduce unintentional overflight 
by bees orienting in the vicinity of the hives. Concurrent with deployment of hives to the 
search area, feeding station using the feeding/conditioning means are set up within about 2 
meters of the hive entrances. Feeding stations are stocked with concentrated sucrose syrup 
and linked to an automatic syrup replenishing system described below. The feeding system 
is specially designed to associate food reward with the odor signature of the target 
compound(s) and should be the same as was used in the bulk conditioning phase. The 
feeders are charged so that the first foragers emerging at daybreak will begin feeding on the 
odor marked feeders. In this way conditioning is not broken and the bees stay focused on the 
target odor. On the first day of foraging at the search site, bees are introduced to the 



6 UMT-103XC1 

feeding/conditioning means. As the population of bees using the feeding/conditioning means 
increases to a predetermined density (for example, about 50- 1 00 bees on a bulk feeding plate, 
described below), conditioning to the target odor is judged to be present. Thereafter, a 
progranmied feeding and starvation interval is initiated using an automated system. The 
automatic feeding cycle is tumed on at day break and continues throughout the active 
foraging period each day. The system is timed to allov^^ foraging bees to remove most of the 
syrup reward from the trays, then to allow an additional starvation period during which 
subsequent foragers will search the surrounding area for additional sources of the reward. 
At the end of the starvation period, the feeding trays are refilled and the feeding/starvation 
cycle is repeated. The reward and starvation intervals are programmed to flush bees away 
fi-om the feeders and over the search area at regular intervals, but not so long as to break 
conditioning. With renewal of the syrup reservoirs, continuous conditioning on the target 
chemical odor can be maintained for several weeks. The exact interval of starvation between 
feedings varies with the activity of the colonies and the environmental conditions in the 
search area. The intervals can be between about 15 and 120 minutes, but is most often 
approximately 30 minutes where the intended target offers no reward to reinforce be fidelity. 

[0017] Preferred embodiments of feeding/conditioning means are shown in Figures 
land 2. Figure 1 and 2 show a feeding/conditioning means which is a feeding plate 10 
manufactured of transparent acrylic. The diameter and shape of the dish can vary, but 
includes the same basic design regardless of the diameter and shape. For example, in a 
specific embodiment, the base 12 of the feeding plate is a solid cylinder 5 cm tall and 
between 20 and 30 cm diameter. The upper surface 14 of the cylinder is routed to produce 
a center well 16 about 1 .5 cm deep. A concentric outer channel 18 about 1 .5 cm wide and 
1 .5 cm deep is routed between the well and the outer edge of the feeding plate. An overflow 
tube 20, 9 mm in diameter and 1.3 cm high is mounted in the center of the well, passing 
through the feeding plate. Four threaded studs 22 are anchored into the perimeter of the 
feeding plate. A transparent acrylic hold down ring 24 fits over the studs. A circle of 
standard aluminum window screening 26fits between the top surface of the feeding plate and 
the hold-down ring to provide surface for the bees to land and from which to feed on the 
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syrup contained in the well. The ability to land and probe with the proboscis is an essential 
foraging behavior that reinforces the conditioning program. 

[0018] The bottom 28 of the feeding plate is rabbetted to set into an overflow 
collector 30. The overflow collector 30 is constructed of transparent acrylic. It is cylindrical 
with diameter sized to receive the feeding plate. Its height is 4 cm. The depth can be 
increased to handle larger overflow, but should not exceed 10 cm. Together the assembled 
feeding plate and overflow collector do not exceed 10 cm height in order to condition bees 
to searching for the odor and reward close to the surface of the ground. When in use the 
feeding plates have chemical odorant added to the outer chamiel 18 to prevent contamination 
of the syrup in the feeder. The screen 26 and hold-down ring 24 are secured and the plate 
is connected to an automatic feeder. 

[0019] Another preferred embodiment of the feeding/conditioning means used in the 
method of the subject invention allows larger numbers of bees to be conditioned and fed. 
The feeding/conditioning means is a trough 32 filled with syrup covered by a screen insert 
upon which the bees can light and probe. Scent is associated with the trough by hanging 
scent packets along the side of the trough making certain the scent does not contaminate the 
food source. The trough is supported above the ground near the height at which the bees will 
search for the target. 

[0020] Although programmed delivery of food reward is integral to the subject 
conditioning process, there is some latitude in the nature of the delivery system that will still 
accomplish conditioning. Any system that will regulate feeding and starvation cycles at the 
intervals described in the conditioning program above will successfully condition bees. The 
feeding controller delivery means preferably, is a programmable digital timer and relay 
system that dispenses syrup to the feeding plates. Depending on the applications, the relays 
open and shut solenoids that release syrap via a gravity flow system or switch on and off 
pumps. The pumps can be either an in-line pump, or external peristaltic pumps. The choice 
of gravity flow versus pump, and the type of pump, depends on the application. Gravity flow 
provides the simplest system, but must be positioned close to and above the feeding plates. 
Pumps provide positive force and can pull or push syrup to distant feeders. 
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[0021] In a preferred embodiment, the automated feeding controller delivery means 
consists of an automated timer/controller, such as an ALTRONDC. The timer system is 
programmed to tum four separate relays on or off at specific times and dates. These relays 
are connected to an overflow feedback unit, which in tum is connected to either a solenoid 
valve or a fluid pump. The overflow feedback unit monitors the level of fluid (food) in the 
feeder tray. If the level is too high, the feedback imit will override the timer/controller and 
will tum off the solenoid or fluid pump, preventing overflow of the feeder. Gravity provides 
liquid flow to the bulk feeding means. The valve operates as a vacuum control; when open 
vacuum inside the container is equalized and the liquid flows. Conversely, the contamer in 
the fluid pump version is a collapsible container. 

[0022] Six independent trials were conducted in both Texas and Montana employing 
one hive searching for a simulated land mine within a 23 meter radius (0.17 hectare area). 
Twelve independent trials were conducted in Texas employing three hives searching for the 
same target within a 1 GO meter radius (3.14 hectare area). Land mines were simulated using 
variable vapor concentrations from 28 ppt to more than 500 ppt of 2,4-DNT (dinitrotoluene) 
under field conditions. Based on one hour trials and upper control counts for unambiguous 
detection calculated from observations of bees over bare soil and control sites, 100% 
detection (24/24) was observed of simulated mines at vapor concentrations above 80 ppt. 
At the threshold of detection below 30 ppt vapor concentration, a 33% detection rate (4/12) 
was observed for one hour detection trials. Successful conditioning of bees to locate 2,4- 
DNT targets is reflected in average bee counts over targets, blank areas and control sites 
illustrated in Figures 5 and 6. Statistical analysis confirmed that the 6 to 1 00 fold increases 
in bee visits over DNT targets is highly significant. 

[0023] It is understood that the foregoing examples are merely illustrative of the 
present invention. Certain modifications of the articles and/or methods employed may be 
made and still achieve the objectives of the inventions. Such modifications are contemplated 
as within the scope of the claimed invention. 



